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life. With the aim of increased production, we have cultivated L. edodes on saw dust (SD) supple-
mented with different levels (10%, 15%, 20%, 25%, 30%, 35% and 40%) of wheat bran (WB), rice
bran (RB), maize powder (MP) and their combination (WB+RB+MP= 1:1:1) to investigate the
growth, yield and quality of this mushroom. Most of the growth, yield and quality parameters
varied signiﬁcantly when mushrooms were cultivated with different levels of supplementation.
The yield of mushroom was increased with the level of each supplementation upto a certain level,
and then decreased. SD supplemented with 25% WB produced the highest number of fruiting
bodies (34.8/500 g packet), highest biological yield (153.3/500 g packet) and biological efﬁciencynt of Biochemistry, School of
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324 M. Moonmoon et al.(76.6%) of L. edodes. But the yield of the best quality mushroom was observed on SD with 40%
WB supplementation; however, the qualities were not always supplementation dose dependent.
In this study, we report that 25% WB supplementation with SD may be very effective for higher
yield and 40% WB supplementation for better quality of L. edodes.
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Shiitake (Lentinus edodes) is one of the most popular edible
mushrooms and the second most cultivated mushroom in the
world because of its high nutritional value and medicinal prop-
erties (Chang and Buswell, 1996; Miles and Chang, 1997). This
mushroom has several health beneﬁcial effects like anticancer,
antidiabetic, hypotensive, hypocholesterolemic, antimicrobial
activities (Wasser, 2005). Also, it is important nutritionally be-
cause of its higher protein, dietary ﬁbers and important min-
eral contents (Khan et al., 2009). Interest in shiitake
cultivation in Bangladesh is increasing day by day due to its
excellent ﬂavor and higher shelf life in addition to the nutri-
tional and medicinal importance.
L. edodes is traditionally cultivated on tree logs, which have
been partly replaced by bag cultivation by using sterilized saw-
dust to enhance the biological efﬁciency and to reduce the pro-
duction cycle (Kalberer, 1998). Supplementation of the
substrate with various materials is recommended prior to
spawning for enhancement of the yield of mushrooms
(Hadwan et al., 1997). Different starch based supplements,
such as wheat bran, rice bran, millet, rye and maize powder
are suggested to add to saw dust to serve as major nutrients
to provide optimum growth medium (Royse, 1997, 2001).
These supplements improve the production, quality, ﬂavor,
and shelf life of cultivated mushrooms (Mau et al., 2002;
Chang, 1996; Isikhuemhen et al., 2000; Chiroro, 2004;
Okhuoya et al., 2005).
Mushroom cultivation is of recent history in Bangladesh.
Mainly Oyster mushrooms (Pleurotus. spp.) are cultivated
there, due to the environmental suitability (Khan et al.,
2008; Moonmoon et al., 2010). A lot of information exists
about the cultivation and production of oyster mushrooms
in Bangladesh, but very little is known about shiitake, and
unfortunately, till now no work has been done to observe
the supplementation effects on L. edodes production. Sarker
et al. (2009) cultivated this and other strains of shiitake mush-
room on saw dust in Bangladeshi condition but without sup-
plementation experiment. The purpose of the present study
was to ﬁnd out the suitable supplements (and supplementation
level) of saw dust for higher production of shiitake mushroom.
2. Materials and methods
In this study, different levels (10%, 15%, 20%, 25%, 30%,
35% and 40%) of wheat bran (WB), rice bran (RB), maize
powder (MP) and their combination (WB+RB+MP= 1:1:1)
were used as supplements with the substrate, saw dust (SD) for
the cultivation of L. edodes (Berk.) Singer. The inoculum of
L. edodes was obtained from the germplasm library of Na-
tional Mushroom Development and Extension Centre (NAM-
DEC), Bangladesh. The experiment was done in the tissue
culture laboratory and culture house of NAMDEC.2.1. Culture preparation
Pure culture of L. edodes was prepared on potato dextrose agar
(PDA) medium of pH 5. The medium was poured into glass
Petri dishes at 20 ml/dish and sterilized in an autoclave for
20 min at 120 C under 1 kg/cm2 pressure. After sterilization
and solidiﬁcation, the plates were inoculated with the inocu-
lum of L. edodes, and incubated in a growth chamber at
22 ± 2 C and 70% relative humidity. After completion of
the mycelium run, this culture was used for inoculation of
mother culture.
Medium of mother culture was prepared by mixing SD and
WB at 2:1 ratio and 0.2% CaCO3, and the moisture content
was maintained at 65%. 250 g of the mixtures was ﬁlled in
the polypropylene bags and packed tightly. A hole in the bag
was made for space to put the inocula and plugged with cotton
then covered with brown paper. The packets were then steril-
ized in an autoclave for 1 h at 120 C under 1 kg/cm2 pressure.
After cooling, the packets were inoculated with the pure cul-
ture of selected strain. The inoculated packets were placed
on a rack in the laboratory at 22 ± 2 C for incubation. The
fully colonized packets were used for spawning.2.2. Spawning and harvesting
Saw dust as a main substrate was supplemented with WB,
RB, MP and their combination (WB+RB+MP) with seven
different levels viz., 10%, 15%, 20%, 25%, 30%, 35% and
40%. 500 g of substrate-supplement mixtures was ﬁlled in
polypropylene bags individually for each treatment. After
proper sterilization, inoculation, incubation, mycelium matu-
ration and pigmentation of the tip of bump, all the packets
were opened on the top side and soaked in water for
15–20 min. Then the packets were placed separately on the ce-
mented ﬂoor of air conditioned culture house. The tempera-
ture, relative humidity and light were maintained at
18–22 C, 60–70% and 10–20 lux, respectively. Sufﬁcient
water was applied and proper aeration was maintained in
culture house to release CO2 and the supply of O2 for primor-
dial initiation and fruiting body development.
Mushroom fruiting bodies were harvested when the mush-
room cap surface was ﬂat to slightly up-rolled at the cap mar-
gins. The yield of mushrooms and their different quality
parameters were recorded regularly.2.3. Statistical analysis
The experiment was done in a completely randomized design
with 5 replications (n= 5). Data were analyzed and graph
was constructed by statistical program, SPSS-12.0 and Micro-
soft Excel. One way ANOVA, and then post hoc LSD test and
DMRT were followed for analysis.
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3.1. Effect of supplementation on the growth and yield
parameters of L. edodes
The growth and yield of L. edodes on SD are signiﬁcantly
inﬂuenced by different levels of WB, RB, MP and their combi-
national supplements (Table 1). Mycelium growth rate (MGR)
in spawn packets ranged from 0.2 to 0.4 cm/day. The highest
MGR (0.4 cm/day) was recorded on 20% RB and 15 to 25%
WB+RB+MP, which was signiﬁcantly different from any
other type of supplementation. The lowest MGR (0.2 cm/
day) was observed on 10–25% WB and 10% MP supplemen-
tation. Days required to harvest (DH) ranged from 104.3 to
147.0 days and varied signiﬁcantly among different treatments.
The lowest DH (104.3 days) was found at 40%WB+RB+MP
and the highest DH (147 days) was recorded on 25% MP fol-
lowed by 40% WB (146.0 days). Signiﬁcant variation was ob-
served in a number of fruiting bodies (NF), which ranged from
8.0 to 34.8. The highest NF (34.8/500 g packet) was recoded on
25% WB, which was statistically similar to 30% WB, but dif-
ferent to others. The lowest NF (8.0/packet) was recorded on
10% MP, which was statistically similar with 10–15%
WB+RB+ MP, 10% WB and 10–15% MP.Table 1 Effect of different levels of supplementation of wheat bran
yields of L. edodes.
Supplements Level Growth and yield paramet
MGR (cm/day)
WB 10% 0.2 ± 0.00a
15% 0.2 ± 0.00a
20% 0.2 ± 0.00a
25% 0.2 ± 0.00a
30% 0.3 ± 0.01b
35% 0.3 ± 0.01b
40% 0.3 ± 0.00b
RB 10% 0.3 ± 0.00b
15% 0.3 ± 0.00b
20% 0.4 ± 0.00c
25% 0.3 ± 0.00b
30% 0.3 ± 0.01b
35% 0.3 ± 0.01b
40% 0.3 ± 0.01b
MP 10% 0.2 ± 0.00a
15% 0.3 ± 0.01b
20% 0.3 ± 0.01b
25% 0.3 ± 0.01b
30% 0.3 ± 0.00b
35% 0.3 ± 0.00b
40% 0.3 ± 0.01b
WB+RB+MP 10% 0.3 ± 0.00b
15% 0.4 ± 0.00c
20% 0.4 ± 0.00c
25% 0.4 ± 0.00c
30% 0.3 ± 0.01b
35% 0.3 ± 0.01b
40% 0.3 ± 0.00b
Results are mean ± SEM (n= 5). Means with different superscript in a si
RB – rice bran, and MP – maize powder; MGR – mycelial growth rate
BY – biological yield.The biological yield (BY) of mushroom was increased with
the level of each supplementation upto a certain level (25% for
WB, RB, MP, and 30% for WB+RB+MP) and then de-
creased. The highest BY (153.3 g/500 g packet) was observed
on 25% WB supplementation, which was statistically similar
to 30% WB but signiﬁcantly different to other treatments.
The lowest biological yield (53.5 g/packet) was recorded on
10% MP.
Fig. 1 represents the biological efﬁciency (BE) of L. edodes
on SD with a different level of supplementation. BE was deter-
mined by the following formula:
[BE = (Wt. of fresh mushroom fruiting bodies) · 100/Wt.
of dry substrate]
Like BY, the BE was increased signiﬁcantly with the level of
each supplementation upto a certain level (25% for WB, RB,
MP, and 30% for WB+RB+MP) and then decreased again
signiﬁcantly. Only WB+RB+MP supplement did not show
any signiﬁcant variation from 25% to 40%.
3.2. Effect of supplentation on the quality of L. edodes
The length of stalk (LS) ranged from 3.3 to 6.0 cm with a sig-
niﬁcant difference (Table 2). The highest LS (6.0 cm) was
found on 25% MP followed by 40% WB and 20%, 35%, rice bran, maize powder and their combination on growth and
ers
DH NF BY (g)
114.8 ± 0.9a 9.5 ± 0.6a 62.8 ± 2.3a
113.8 ± 0.5a 13.0 ± 0.6b 83.5 ± 1.3b
115.5 ± 0.6a 29.0 ± 0.9 d 137.3 ± 1.1e
116.0 ± 0.4a 34.8 ± 0.8 e 153.3 ± 2.8f
121.0 ± 0.7b 31.0 ± 0.9d,e 147.8 ± 1.6e,f
122.8 ± 0.9b 21.5 ± 0.9c 128.3 ± 1.8d
146.0 ± 0.4d 20.3 ± 0.9c 125.0 ± 2.7d
114.8 ± 0.9a 14.5 ± 0.6b 71.8 ± 3.0a,b
113.8 ± 0.3a 21.5 ± 1.0c 86.0 ± 3.7b
113.0 ± 0.0a 19.8 ± 0.5c 96.5 ± 1.0b,c
122.3 ± 0.8b 22.0 ± 0.7c 105.3 ± 2.9c
113.8 ± 0.3a 17.3 ± 0.8b,c 98.0 ± 1.6b,c
113.5 ± 0.3a 15.5 ± 0.9b 87.3 ± 1.8b
114.3 ± 0.3a 15.0 ± 0.6b 87.0 ± 0.6b
142.0 ± 0.4c,d 8.0 ± 0.8a 53.5±3.6a
144.0 ± 0.4d 9.5 ± 1.0a 67.8±2.5a,b
145.8 ± 0.3d 13.5 ± 0.5b 108.0 ± 1.9c
147.0 ± 0.4d 16.8 ± 0.5b,c 122.5 ± 0.9d
114.0 ± 0.4a 16.0 ± 1.6b,c 116.5 ± 2.0c,d
137.0 ± 0.7c 20.0 ± 0.6c 112.3 ± 1.1c
121.5 ± 0.5b 12.3 ± 0.8b 76.0 ± 1.9a,b
126.0 ± 0.4b 8.0 ± 0.4a 58.0 ± 1.9a
122.0 ± 1.2b 8.5 ± 0.9a 64.3 ± 1.6a
129.0 ± 0.0b,c 12.0 ± 0.4b 67.0 ± 2.8a
125.5 ± 1.3b 15.3 ± 0.8b 94.0 ± 3.6b,c
117.0 ± 0.9a,b 19.8 ± 0.6c 96.5 ± 1.9b,c
112.5 ± 1.0a 18.0 ± 0.8c 94.0 ± 1.7b,c
104.3 ± 1.6a 19.3 ± 0.8c 92.5 ± 1.0b
ngle column are signiﬁcantly different at P 6 0.05. WB – wheat bran,
, DH – days required to harvest, NF – number of fruiting bodies,
Figure 1 Biological efﬁciency (BE) of L. edodes on saw dust supplemented with different levels of wheat bran, rice bran, maize powder
and their combination. Values are mean ± SEM (n= 5). Mean bars with different symbol notiﬁcations are signiﬁcantly different at
P 6 0.05 level.
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found on 10%WB+RB+MP supplementation. The diameter
of stalk (DS) differed signiﬁcantly and ranged from 0.7 to
1.3 cm (Table 2). The maximum DS (1.3 cm) was found on
40% WB followed by 1.1 cm on 15% MP. The minimum DS
(0.7 cm) was found on 15% and 25% RB, 20% MP and
10% WB+RB+MP supplements. The diameter of pileus
(DP) ranged from 3.4 to 7.9 cm with a signiﬁcant difference
among the treatments (Table 2). The maximum DP (7.9 cm)
of pileus was found on 40% WB and the minimum DP
(3.4 cm) of pileus was found on 20% RB. The thickness of pi-
leus (TP) in different treatments differed signiﬁcantly and ran-
ged from 0.6 to 1.3 cm (Table 2). The maximum TP (1.3 cm)
was found on 40% WB and the minimum TP (0.6 cm) was
found on 10% and 20% WB+RB+MP.
4. Discussion
Saw dust is the most common substrate for the cultivation of
L. edodes. In this study, SD was supplemented with wheat
bran, rice bran, maize powder and their combination at differ-
ent levels for higher growth and yield of mushroom fruiting
bodies. According to Han et al. (1981), there is an optimum
concentration of different supplements, which can enhance
or stimulate mycelial growth of shiitake mushroom. Extreme
use of supplements may reduce the effects of substrates on
mushroom production. In this study, the highest MGR was
observed on 20% RB and 15–25% WB+RB+MP. But Ka-
poor et al. (2009) observed the maximum mycelial extension
rate with 10% RB and 20% WB additive. However, Ayodele
and Akpaja (2007) reported that 20% oil palm fruit ﬁber sup-
plemented SD enhanced the mycelial growth and sporophoreof L. squarosulus. They also reported that the supplement re-
duces the time of sporophore in Mansonia altissima SD and
there was a delay in sporophore in Combretodendron
macrocarpum SD. In this study, DH ranged from 104.3 to
147 days by supplementation. The ﬁnding is similar to the ﬁnd-
ings of Bugarski et al. (1994).
Eira and Minhomi (1996) reported that L. edodes can be
cultivated axenically on bagasse supplemented with 20% RB
and other nutrients. According to Fasidi and Kadiri (1993),
the increased productivity of shiitake mushroom supplemented
with 30% rice bran can be attributed to the carbohydrates,
amino acids and mineral elements present in this supplement.
Finding of this study is in line with the report of Royse and
Schisler (1986), and Han et al. (1981) who reported that shii-
take produces higher yield when supplements were added to
the substrates at different concentrations. Rossi et al. (2003)
reported that any amount of RB added to the substrate in-
creased the number of fruiting body especially at 25% and
30%. In this study, 25% WB supplementation produced a
higher number of fruiting bodies in comparison to RB and
MP. Rossi et al. (2003) also obtained higher productivity of
L. edodes by the addition of 25% and 30% RB. We have found
more BY and efﬁciency on WB than RB.
Our study shows that the quality of shiitake mushroom is
not always supplementation level dependent. However, in
some cases, it was observed that higher supplementation level
produces better quality shiitake mushroom; the addition of
40% of WB to SD produced better quality mushroom. The
result of this study is similar to Sarker et al. (2009). Rossi
et al. (2003) reported that the addition of any amount of addi-
tives to substrate showed an improvement in mushroom
quality.
Table 2 Effect of different levels of supplementation of wheat bran, rice bran, maize powder and their combination on the quality of
L. edodes.
Supplements Level Quality of mushroom
LS (cm) DS (cm) TP (cm) DP (cm)
WB 10% 3.6 ± 0.1a 0.9 ± 0.1a,b 0.9 ± 0.1a,b 4.8 ± 0.3b
15% 3.5 ± 0.0a 0.8 ± 0.1a 1.1 ± 0.0b 5.9 ± 0.1c
20% 4.5 ± 0.4b 1.0 ± 0.0b 1.0 ± 0.1b 6.0 ± 0.2c
25% 3.5 ± 0.2a 0.9 ± 0.1a,b 0.8 ± 0.1a 5.8 ± 0.1c
30% 3.9 ± 0.4a,b 0.8 ± 0.1a 0.8 ± 0.0a 5.0 ± 0.2b
35% 4.6 ± 0.2b 0.9 ± 0.1a,b 0.9 ± 0.2a,b 4.8 ± 0.3b
40% 5.7 ± 0.1c 1.3±0.1c 1.3 ± 0.0c 7.9 ± 0.1d
RB 10% 4.1 ± 0.1a,b 0.9 ± 0.2a,b 1.0 ± 0.1b 4.6 ± 0.3b
15% 3.4 ± 0.4a 0.7 ± 0.0a 0.7 ± 0.1a 4.3 ± 0.3b
20% 3.4 ± 0.6a 0.9 ± 0.0a,b 0.9 ± 0.1a,b 3.4 ± 0.2a
25% 3.4 ± 0.3a 0.7 ± 0.0a 1.0 ± 0.1b 4.2 ± 0.2a,b
30% 4.3 ± 0.2b 0.9 ± 0.1a,b 1.0 ± 0.1b 4.6 ± 0.3b
35% 4.3 ± 0.3b 0.8 ± 0.0a 0.9 ± 0.1a,b 5.1 ± 0.3b,c
40% 4.1 ± 0.2a,b 0.9 ± 0.1a,b 0.8 ± 0.0a 4.4 ± 0.2 b
MP 10% 4.8 ± 0.4b 0.9 ± 0.1a,b 0.8 ± 0.0a 5.5 ± 0.4b,c
15% 4.4 ± 0.1b 1.1 ± 0.1b,c 0.8 ± 0.0a 4.6 ± 0.1b
20% 5.5 ± 0.2c 0.7 ± 0.1a 1.0 ± 0.1b 6.3 ± 0.1c
25% 6.0 ± 0.4c 0.8 ± 0.0a 1.0 ± 0.1b 6.3 ± 0.1c
30% 5.0 ± 0.3b,c 0.8 ± 0.1a 1.1 ± 0.0b 5.4 ± 0.2b,c
35% 5.3 ± 0.3c 1.0 ± 0.0b 1.0 ± 0.1b 5.6 ± 0.4b,c
40% 5.3 ± 0.4c 0.8 ± 0.0a 1.1 ± 0.0b 5.6 ± 0.2b,c
WB+RB+MP 10% 3.3 ± 0.3a 0.7 ± 0.0a 0.6 ± 1.0a 5.3 ± 0.3b,c
15% 4.5 ± 0.1b 0.9 ± 0.1a,b 1.0 ± 0.0b 5.9 ± 0.3c
20% 4.3 ± 0.3b 0.9 ± 0.1a,b 0.6 ± 0.1a 4.6 ± 0.3b
25% 4.3 ± 0.4b 1.0 ± 0.0b 1.0 ± 0.1b 4.9 ± 0.3
30% 3.9 ± 0.4a,b 0.9 ± 0.1a,b 0.8 ± 0.1a 5.2 ± 0.1b,c
35% 3.5 ± 0.3a 0.9 ± 0.1a,b 0.7 ± 0.0a 4.9 ± 0.4b
40% 3.4 ± 0.2a 0.8 ± 0.0a 0.9 ± 0.1a,b 4.3 ± 0.2b
Results are mean ± SEM (n= 5). Means with different superscript in a single column are signiﬁcantly different at P 6 0.05. WB – wheat bran,
RB – rice bran, and MP – maize powder; LS – length of stalk, DS – diameter of stalk, TP – thickness of pileus, DP – diameter of pileus.
Effects of different levels of wheat bran, rice bran and maize powder supplementation 327In this study, we report that different levels of different sup-
plements with substrate have signiﬁcant effect on the growth,
yield and quality of L. edodes. We also report that 25% WB
supplementation with SD may be very effective for a higher
yield and 40% WB supplementation for a better quality of
shiitake mushroom.
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